Tanzania is located at the southeastern end of the eastern chimpanzee (Pan troglodytes schweinfurthii) distribution. diversity of chimpanzees in Tanzania, we analyzed the mitochondrial sequences of chimpanzees in six sites (Lwazi, Wansisi, Mahale, Karobwa, Ugalla-Masito, and Gombe), some of which are now isolated. The southernmost habitat (Lwazi) was about 150 km away from the nearest habitat but, considering the geographic distance, the genetic distance of the chimpanzees between Lwazi and the other habitats was not high. In contrast, the genetic distance between the chimpanzees in the northernmost habitat (Gombe), and the other habitats was relatively high considering the geographic distance. The results suggest that the Malagarasi the habitats of Wansisi, Mahale, Karobwa, and Ugalla-Masito can be regarded as one population ("Greater Mahale"). The genetic distance between Lwazi and Gombe was lower than that between Gombe and the Greater Mahale habitats. This result suggests that early chimpanzees came to the Greater Mahale habitats through the southern habitats around Lwazi. The nucleotide diversity was not different from that in other countries, probably due to the sequence variety. There were unique haplotypes in several habitats where the number of chimpanzees was estimated to be small, which implies that some haplotypes are probably be at risk of disappearing. These data will be useful for conservation planning.
Introduction
Environmental degradation, in this case, the loss, degradation and fragmentation of chimpanzee habitats through human activities, immigration and population growth, reduces and fragments their regional populations. Appropriate chimpanzee habitats become smaller and fragmented, making it great value for the design of conservation strategies.
The eastern chimpanzee (Pan troglodytes schweinfurthii), occurs in the Democratic Republic of the Congo (DRC), Uganda, Rwanda, Burundi, and the United Republic of Tanzania (Tanzania) (Inskipp 2005) . The most recent estimate of the number of eastern chimpanzees was 76,000-120,000; most of them, 70,000-110,000, in DRC (Inskipp 2005) . Tanzania, at the southern and eastern extremes of the distribution of P. t. schweinfurthii, is estimated to have a population of just 1,500-2,500 (Inskipp 2005) . All wild Tanzanian chimpanzees live along the eastern shore of Lake Tanganyika and unfortunately face the threat of extinction (Bakusa and McManus 2005) . Forest loss outside Gombe National Park has been estimated at 4% per year, and the annual growth rate of the human population in the Kigoma region ( Fig. 1 ) has increased. Furthermore, many refugees from DRC, Burundi, and Rwanda have settled in western Tanzania (Whitaker 2002) , having a negative impact on the chimpanzee populations in the area (Ogawa et al. 2006a) .
along the eastern shore of Lake Tanganyika in detail. Thereafter, other studies have been conducted (Massawe 1992; Zamma et al. 2004; Ogawa et al. 2006b ), and Ogawa et al. which marks the southernmost tip of their geographic range. Although no researchers have ever observed chimpanzees in this area, Ogawa et al. (1997) found 16 chimpanzee nests and two chimpanzee fecal samples; furthermore, the local people whether the chimpanzees in Lwazi are in fact eastern chimpanzees and clarify their genetic backgrounds. Yoshikawa et al. (2008) summarized the current distribution of chimpanzees and estimated the presence of four local populations: Gombe, Lilanshimba, Ugalla-Masito-MukuyuMahale-Karobwa-Wansisi, and Lwazi. The number of chimpanzees outside the national parks of Gombe and Mahale has been estimated to be less than 700 (Yoshikawa et al. 2008) . Today these four populations are isolated from each other, but we do not know the exact time when this happened. their distribution and their genetic structure (Eriksson et al. 2004; Anthony et al. 2007 ). The Ugalla River in western Tanzania is the eastern border of the chimpanzee geographic range (Fig. 1 ). In addition, the Malagarasi River, a large river Malagarasi River is the second longest river in Tanzania and -tant to determine the genetic structure of the populations in these habitats to clarify the genetic diversity, including populations with a small number of chimpanzees (Yoshikawa et al. 2008) . eastern chimpanzee habitats. Genetic divergence analysis has indicated that eastern chimpanzees expanded their range from eastern DRC in recent times; between 20,000 and 61,000 years ago (Goldberg and Ruvolo 1997a; Gagneux et al. 1999) . Among the chimpanzees, it is the females rather than the males that typically disperse from their natal community (unit group) upon reaching maturity (Nishida 1979; Pusey 1979; Boesch and Boesch-Achermann 2000) ; this process et al haplotypes were found to be shared by chimpanzees from difclusters (Morin et al. 1994; Goldberg and Ruvolo 1997b) . Although there are some studies on the phylogenetics of the eastern chimpanzees that include samples from Tanzania (Morin et al. 1994; Goldberg and Ruvolo 1997b) , they were taken from only a few sites.
In this study, we collected DNA samples non-invasively (feces, urine, and saliva) from eastern chimpanzees in six Tanzanian habitats. In all habitats except for the two national samples, which would provide a relatively large amount of DNA compared with old samples. We analyzed mitochondrial easier than it is for nuclear DNA when dealing with degraded noninvasive samples. Using the sequence data, we examined the genetic structure and genetic diversity of chimpanzees in Tanzania in detail.
Materials and Methods

Samples
We collected noninvasive genetic samples from chimpanzees from six habitats in western Tanzania (Fig. 1) . Eiji Inoue collected non-invasive samples, such as feces, urine, and saliva, of almost all chimpanzees of the M group at Mahale, which has been studied for more than 40 years (Nishida 1990; Inoue 2005; Inoue et al. 2008) . Hideshi Ogawa collected fecal samples from around chimpanzee nests at Lwazi, Wansisi, Karobwa, Ugalla-Masito, and Gombe. The Malagarasi River runs between Gombe and the other habitats. Gombe and Lwazi are isolated from the other habitats (Yoshikawa et al. 2008) . Yoshikawa et al. (2008) suggested that the chimpanzee habitats in Ugalla-Masito, Karobwa, Mahale, and Wansisi this estimated population as the "Greater Mahale" population in this study.
DNA extraction and sequencing
DNA was extracted using either a QIAamp DNA Stool Mini Kit (Qiagen, California, USA), QIAamp DNA Mini Kit (Qiagen), QIAamp DNA Micro Kit (Qiagen), or ISOHAIR (Nippon Gene, Tokyo, Japan), depending on the sample, according to the manufacturers' instructions.
A 331-base-pair segment of the mitochondrial hypervariable control region was analyzed. We conducted polymerase and H16498 (Morin et al. 1994; Eriksson et al. 2004) or the using the dye termination method and an ABI 3100 sequencer (Applied Biosystems, California, USA).
Analyses
We used the mitochondrial sequence data of the eastern chimpanzees (P. t. schweinfurthii) from Uganda (Langergraber et al. 2007, EU077270-EU077418) , Rwanda, and DRC (Keele et al. 2006, DQ370332-DQ370353) to construct a phylogenetic tree. Using MEGA 4.0 (Tamura et al. 2007) , we aligned all the determined haplotypes including the data the determined sequences, and then removed the duplicate sequences from the same origin. We constructed a neighborjoining tree including one sequence of central chimpanzees from Cameroon (P. t. troglodytes, DQ367534) as an outgroup (Saitou and Nei 1987; Tamura et al. 2004) . The bootstrap values were calculated using MEGA 4.0 software. Genetic differentiation (F ST ), gene diversity, and nucleotide diversity were calculated with Arlequin ver. 3.0 (Nei and Li 1979; . Statistical analyses of F ST values were also conducted with Arlequin.
Results
Twenty-two haplotypes were detected among the 138 sequences obtained from the six habitats (Table 1) . These sequences have been deposited in DDBJ/EMBL/GenBank under accession numbers AB677454-AB677475. Three habitats. Haplotype B was found in all habitats excluding Gombe. All four haplotypes found in Gombe were unique. Ugalla-Masito, Karobwa, and Lwazi chimpanzees had nine, two, and two unique haplotypes, respectively.
Phylogenetic tree analyses revealed that mitochondrial haplotypes were shared by chimpanzees from different countries (Fig. 2) . Almost all clusters included some Figure 1 . et al. (2008) . Using the data presented in their discussion, we connected the Karobwa and Wansisi habitats.
sequences from Tanzania, but the distribution of haplotypes was skewed. In total, eight of 22 haplotypes from Tanzania belonged to cluster IV, which had only one haplotype from Uganda. Among those eight, three major haplotypes (A, B, habitats. The haplotypes from Gombe (S, T, U, and V) were similar to the other haplotypes from the other countries, but not to the other haplotypes from Tanzania.
The F ST values among the habitats in the Greater Mahale -tive between Karobwa and the other habitats ( Table 2 ). The F ST values between Lwazi and the other habitats were lower Figure 2 . in this study (Table 1) . The sequences beginning with CO, RW, and UG were those from DRC, Rwanda, and Uganda, respectively. than those between Gombe and the other habitats. Figure 3 revealed no correlation between the geographic distance and F ST r = 0.15, P = 0.60). The F ST values between Gombe and the other regions were relatively high considering the geographic distance (Fig. 3) . Table 3 shows the diversity in each habitat. Although the number of haplotypes was large in Ugalla-Masito, the gene and nucleotide diversity were similar among the habitats. Gene diversity was highest in Gombe and Karobwa (0.87) and lowest in Mahale (0.68), while nucleotide diversity was highest in Gombe (0.022) and lowest in Mahale (0.013).
Discussion
Lwazi population
belonged to eastern chimpanzees (P. t. schweinfurthii) because the haplotypes of samples from Lwazi were shared -types found in Lwazi were shared by chimpanzees in other habitats (Table 1) , and all haplotypes found in Lwazi were sorted into the same cluster as that of the other sequences of eastern chimpanzees. The F ST values between Lwazi and other habitats in Greater Mahale were not high considering the large geographic distances between them (Fig. 3) . These results suggest that chimpanzee habitats in Lwazi and Greater Mahale had been continuous until they were isolated from each other recently.
The F ST value and the geographic distance were not correlated (Fig. 3) . This was probably due to the large difference in F ST values of Gombe and the other habitats. Langergraber et al. (2011) found that the F ST value between Mahale and Gombe was lower than those between Gombe and the habitats in Uganda, although the distance between Gombe and Uganda habitats was greater than 400 km. The result of the haplotypes in Gombe (S, U, and V) are close to the sequences from Uganda but not to those from other Tanzanian habitats. Cluster IV contained many sequences from all habitats of Tanzania excluding Gombe but did not include those from the other countries. The probable barrier between Gombe and other Tanzanian habitats is the Malagarasi River, as has been other great apes (Eriksson et al. 2004; Anthony et al. 2007) .
The genetic distance between Gombe and Lwazi was smaller than those between Gombe and the other habitats (Table 2) , even though the geographic distance between Gombe and Lwazi was greater than those between Gombe and the others (Fig. 3) . This may suggest that chimpanzees in Greater Mahale came through the southern habitats around Lwazi. Assuming that the geographic distances between Gombe and the habitats in Greater Mahale were the distances between Lwazi and Gombe plus the distances between Lwazi and the habitats in Greater Mahale, a posir = 0.85, P < 0.001). The actual pathway between Gombe and Lwazi was longer than the geographic distance between them Table 1 . Haplotype constitutions in Tanzanian habitats. because chimpanzees needed to avoid the Malagarasi River.
Mitochondrial haplotype
4 strongly suggests the path from Gombe to Greater Mahale was via Lwazi. This result indicates the importance of Lwazi habitats for understanding the expansion of chimpanzees in Tanzania. Genetic analyses of chimpanzees on the western shore of the Lake Tanganyika in DRC will provide important data on the history of eastern chimpanzees in the southern habitats.
The genetic structure within Greater Mahale was also clar- F ST values among the habitats between Karobwa, which is located in the center of the Greater Mahale habitats, and the other habitats. These results concontinuous population, estimated from the result of the current distribution (Yoshikawa et al. 2008) .
Genetic diversity
Gombe exhibited the highest diversity among the habitats diversity among the southern Tanzanian habitats, which mark the southeastern end of the chimpanzee's distribution, due -tats. To evaluate this hypothesis, we compared the diversity in the southern Tanzanian habitats (Lwazi, Wansisi, Mahale, Karobwa, and Ugalla-Masito) to that in the 19 habitats of Uganda, DRC, and Rwanda reported by Goldberg (1998) .
Although the range of gene diversity in the southern Tanzanian habitats (0.68-0.87) was similar to that in the other lower (Mann-Whitney U test, P = -ference was probably due to the small number of haplotypes in the southern Tanzanian habitats. We analyzed 51 individuals of the M group in Mahale but found only four haplotypes (Table 1) . Langergraber et al. (2007) analyzed mitochondrial DNA of three chimpanzee communities in Uganda and found 14, 16, and seven haplotypes among 28, 94, and 20 individuals, respectively. Thus, there were fewer haplotypes per social community in southern Tanzania than in Uganda. In contrast, the nucleotide diversity was not different between the habitats in southern Tanzania and the other countries (MannWhitney U test, P = the sequences in southern Tanzania belonged to several clusters in the phylogenetic tree (Fig. 2) . This also suggested that the southern Tanzanian chimpanzees have not experienced a severe bottleneck with respect to genetic diversity, resulting in the retention of sequence variety. Sequence variety is important for total genetic diversity in the southern Tanzanian habitats.
Unique haplotypes were found in Lwazi, Karobwa, Ugalla-Masito, and Gombe. The number of chimpanzees in those habitats is small (Pusey et al. 2007; Yoshikawa et al. 2008) . Consequently, there are probably just a few individuals with unique haplotypes. Chimpanzees in an isolated and limited habitat are at risk of losing mitochondrial diversity, et al. 2009 ). It is, therefore, important to maintain the habitats and population sizes of chimpanzees to preserve their diversity.
